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I, Peter Repetti, declare: 

1 . I received my Bachelor of Science degree in Plant Science from The Pennsylvania State University 
and my doctoral degree in Plant Biology from The University of California, Berkeley. I joined Mendel 
Biotechnology in June of 2002 and have served as Senior Scientist since January of 2004. In this 
declaration, I serve as expert witness in that my work has involved characterization and use of cloned plant 
genes for modifying a variety of traits in genetically transformed plants, specifically in the areas of 
developmental alterations and the regulation of environmental stress responses. I have contributed to and 
supervised research in the area of environmental stress tolerance of plants that ectopically express sequences 
of the present invention, and I am therefore familiar with the present invention. 

2. I understand that this application relates to transgenic plants transformed with an expression vector 
encoding a polypeptide having a conserved domain that is 70% identical to the conserved domain of G 1274, 
SEQ ID NO: 194, seed produced by these transgenic plants, methods for producing the transgenic plants, and 
methods for increasing tolerance of a plant to water deprivation. The transgenic plants express plant 
transcription factor polypeptides first identified in Arabidopsis thaliana, a plant that is widely used as a 
model species. 

3. For the purposes of this declaration, a plant "line" means the progeny (through seed or vegetative 
propagation) of a transformation event or a newly bred variety (specific genotype). 
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4. The present application provides methods for analysis and identification of sequences from 
diverse species that are closely related. These methods include phylogenetic analysis, sequence alignments 
and percentage identity determination. 

Exhibit A, filed February 13, 2006 with a response to a previous Office action, provided a mmiber of 
sequences that are closely related to G1274 and fall within, or just outside of, the G1274 clade of 
transcription factor polypeptides. These sequences derive from diverse species that include dicots 
Arabidopsis thaliana and Glycine max and monocots Oryza sativa and Zea mays. The G1274 clade 
polypeptides comprise conserved domains, indicated by the underlined residues in Exhibit A, that are at least 
74% identical to the conserved domain of G1274, amino acid coordinates 111-1 64. 

Sequences that lie just outside of the clade also comprise conserved domains similar to that found in 
G1274, but these are less similar to G1274 than the sequences within the clade. For example, G2517, G194, 
and G1758, have conserved domains that are 55% to 61%* identical to the conserved domain of G1274. 

5. This declaration simimarizes and updates some of the data obtained with sequences presented 
in the previous declaration and in Exhibit A, submitted February 13, 2006. Based on experimental analysis, 
plants overexpressing sequences that have conserved domains 57% or more identical to the conserved domain 
of amino acid coordinates 1 11 -164 of G1274 were found to be more tolerant to water deprivation-based 
treatments than control plants. This trait was observed for all of the G1274-related sequences transformed into 
plants that fall within the scope of the claims and that were comprehensively tested in water deprivation 
assays. These results are summarized in Table 1. The data presented in Table 1 include positive assay results 
from plate-based severe dehydration assays or soil-based drought assays. Transgenic plant lines that showed 
significant evidence of tolerance to severe desiccation, drought, or, as noted, a related assay (e.g., 
hyperosmotic sucrose treatment) were considered to be positive indicators affirming the ability of these 
sequences to confer water deprivation tolerance in the plants. Not included in Table 1 are data for several 
sequences introduced into transgenic plants for which water-deprivation results are presently considered 
inconclusive, as only a few lines were generated and/or not all water deprivation-related assays, including soil 
drought assays, have been performed. 

6. Severe desiccation and soil drought assays were performed according to the method described in 
Exhibit C, dated February 13, 2006. 

Sucrose assays were by surface sterilizing seeds as provided in previously submitted Exhibit C. The 
seeds were then sown on conditional media with a basal composition of 80% MS + Vitamins plus 9.4% 
sucrose. The plates were incubated at 22 °C under 24-hour light (120-130 jiE m"^ s'^) in a growth chamber. 
Evaluation of germination and seedling vigor was performed five days after planting. 
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Table 1 . Water deprivation assay data summary for plants overexpressing G1274 and closely related 
sequences 



Transcription 
factor (TF) 

Gene 
Identifier 


Sequence 
identifier 
in MBI- 

0054 
Table? 
(SEQID 
NO: or 
accession 
no.) 


Species 
from which 
TFis 
derived 


%ID of 

TF 
conserved 
domain to 
conserved 
domain of 
G1274 


Assay 
Resxilts 


Performance of specific promoter-TF 
combinations in transgenic 
Arabidopsis plants 


G1274 


194 


Arabidopsis 
thaliana 


100% 


+ 


• Seven 35S:: G1274 Arabidopsis 
lines (7 of 7 Unes tested against 
wild-type controls) were more 
tolerant and recovered better from 
drought than controls in soil-based 
drought assays 

• Four35S:: 01274 Arabidopsis 
lines (4 of 29 lines tested) were 
more tolerant to severe desiccation 
in plate-based assays than controls 

• Two 35S:: 01274 Arabidopsis 
lines (2 of 29 lines tested) were 
more tolerant to sucrose in plate- 
based assays than controls 

• Three STM::G1274 lines (shoot 
apical meristem-specific promoter; 
3 of 10 lines tested) were more 
tolerant to severe desiccation in 
plate-based assays than controls 

• One STM::G1274 line (shoot 
apical meristem-specific promoter; 
1 of 3 lines tested) recovered better 
from a soil-based drought 
treatment than controls 

• Four ARSK1::G1274 lines (root- 
specific promoter; 4 of 10 lines 
tested) were more tolerant to 
severe desiccation in plate-based 
assays than controls 

• Three SUC2::G1274 lines 
(vascular-specific promoter; 3 of 
10 lines tested) were more tolerant 
to severe desiccation in plate-based 
assays than controls 

• One RD29a::G1274 line (stress- 
inducible promoter; 1 of 3 lines 
tested) recovered better from 
drou^t than controls 
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G3724 


969 


Glycine max 


83% 




• Two35S::G3724^raZ?/rfop5/5 
lines (2 of 3 lines tested) were 
more tolerant to drought than 
controls in soil-based drought 
assays; one of these lines also 
recovered better from drought 
than controls 

• Two 35S::G3724 lines (2 of 10 
lines tested) were more tolerant 
to severe desiccation in plate- 
based assays than controls 

• Three 35S::G3724 lines 3 of 10 
lines tested) were more tolerant 
to sucrose than controls 


G3804 


974 


Zea mays 


81% 


+ 


• Three 35S::G3804^ra6zV/op5/5 
lines (3 of 3 lines tested) were 
more tolerant to drought, and 
recovered better from drought, 
than controls * 


G3803 




Glycine max 


79% 




• Yo\Jix35S:\G3%Q2>Arabidopsis 
lines were more tolerant to 
severe desiccation in plate- 
based assays (4 of 10 lines 
tested; each line was positive 
once in two assays performed in 
a total of 20 assays) 


03721 




Oryza sativa 


77% 


+ 


• Three 35S::G3721 Arabidopsis 
lines (3 of 3 lines tested) were 
more tolerant to drought, and 
recovered better from drought, 
than controls 


G3722 


975 


Zea mays 


77% 




• Of 10 lines tested, one 
35S::G3722 hne was more 
tolerant to both severe 
desiccation and sucrose, a 
second line was more tolerant to 
sucrose, and a third line was 
more tolerant to severe 
desiccation in plate-based 
assays 


G3726 


971 


Oryza sativa 


77% 




• I'wo 5 jh\\\j5 lib Araoiaopsis 
lines (2 of 3 lines tested) were 
more tolerant to drought, and 
recovered better from drought, 
than G912-overexpressing 
controls * 
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G1275 




Arabidopsis 
thaliana 


75% 




• Two 35S::G1275 lines (2 of 8 
lines tested) were more tolerant 
than controls to sucrose in 
plate-based assays 

• Two CUT1::G1275 lines 
(epidermal-specific promoter; 2 
of 3 lines tested) recovered 
better fi-om drought than 
controls 

• Three CIJT1::G1275 lines 
(epidermal-specific promoter; 3 
of 10 lines tested) were more 
tolerant to sucrose than controls 
in plate-based assays 

• Two AS1::G1275 lines 
(emergent leaf primordia- 
specific promoter; 2 of 10 lines 
tested) were more tolerant to 
severe desiccation than controls 
in plate-based assays 

• Two STM::G1275 lines (shoot 
apical meristem-specific 
promoter; 2 of 10 lines tested) 
were more tolerant to severe 
desiccation in plate-based 
assays than controls 

• TwoSUC2::G1275 lines 
(vascular-specific promoter; 2 
of 10 lines tested) were more 
tolerant than controls to sucrose 
in plate-based assays 

• TwoRD29A::G1275 
Arabidopsis lines (stress- 
inducible promoter; 2 of 3 lines 
tested) were more tolerant to 
drought than controls in soil- 
based drought assays; one of 
these lines also recovered better 
fi*om drought than controls 

• TwoRD29A::G1275 
Arabidopsis Unes (stress- 
inducible promoter; 2 of 10 
lines tested) were more tolerant 
to severe desiccation in than 
controls plate-based assays 


G3729 




Oryza sativa 


74% 


+ 


• One 35S::G3729 line (1 of 10 
tested) was more tolerant than 
controls to both sucrose and 
severe desiccation in plate- 
based assays 
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G2517 




Arabidopsis 
thaliana 


61% 




• Six 35S::G2517 lines (6 of 10 
tested) were more tolerant in 
severe desiccation assays than 
controls 


G194 




Arabidopsis 
thaliana 


57% 


+ 


• Four 35S::G194 lines (4 of 4 
tested) were more tolerant in 
severe desiccation assays than 
controls 


G1758 




Arabidopsis 
thaliana 


55% 


Wild-type 
performance 
or 


• Two 35S::G1758 lines were no 
more tolerant to drought and 
one line was less tolerant to 
drought than controls in soil- 
based assays (3 lines examined) 



+ indicates greater tolerance to drought in soil-based assays, or severe desiccation or sucrose in plate-based 



assays, as compared to performance of wild-type or empty vector controls (except as noted*); 
data for desiccation and sucrose assays based on visual comparison to control seedlings 
data for drought assays significant at p < 0.1 1 
- indicates less tolerant than controls in a water deprivation-related assay 

* results of particular and noteworthy significance; control plants used in these experiments overexpressed 
G912, a CBF transcription factor, and thus the controls were more drought-tolerant in soil-based assays 
than wild-type 

7. I hereby declare that all statements made herein are true and that they are based on my own 
knowledge, information and belief. These statements are made with the knowledge that willful false 
statements are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of this application or any 
patent issued from it. 



Date: June 26. 2006 




Peter Repetti, Ph.D. 

Senior Scientist 

Mendel Biotechnology, Inc. 



PR/jml 

MBI-0054US.Decl.PRepetti.RFR.doc 
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Abstract We isolated a cDNA encoding a DNA-bind- 
ing protein, SPFl. of sweet potato that binds to the 
SP8a (ACTGTGTA) and SP8b (TACTATT) sequences 
present in the 5' upstream regions of three different 
genes coding for sporamin and ^-amylase of tuberous 
roots. SPFl comprises 549 amino acids and is enriched 
in both basic and acidic residues. The amino acid 
sequence of SPFl shows no significant homology to 
any known protein sequences, suggesting that it may 
represent a new class of DNA-binding protein. Binding 
siudies with ^^S-labeled SPFl, synthesized in vitro, and 
synthetic DNA fragments indicated that, although 
SPFl binds to both the SP8a and SP8b sequences, it 
binds much more strongly to SP8a than to SP8b. SPFl 
bound lo the SP8a sequence as a monomer. The DNA- 
binding domain of SPFl was localized within the C- 
lerminal half of this protein, and a 162-amino acid 
fragment of SPFl (Met^^^-Arg^'^^) showed DNA- 
binding activity with no change in target sequence 
specificity. This fragment contains a region enriched in 
oasic amino acids adjacent to a highly acidic stretch. 
X sequence which is highly homologous to a 40-amino 
icid sequence in the basic region of the DNA-binding 
iomain is duplicated in the N-terminal part of SPFl. 
The gene coding for SPFl is present in one or a few 
opies per haploid genome and the SPFl mRNA was 
ietecied in leaves, stems and tuberous roots of the 
weei potato, in addition to petioles. The level of SPFl 



he nucleotide sequence reported in this paper has been submitted 
^ ihe EMBL/GcnBank/DDBJ database under the accession 

umber D30038 
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mRNA in the petioles decreased when leaPpetiole cut- 
^tings were treated with sucrose to induce accumulation 
of sporamin and j8-amylase niRNAs. 

Key words Transcription factor • Coordinated 
regulation • DNA binding domain • Sweet potato 



Introduction 

Transcriptional regulation of gene expression is di- 
rected by the action of specific transcription factors 
which interact with regulatory elements residing in the 
promoter region of the corresponding gene. In groups 
of genes that are induced coordinately in response to 
external and internal stimuli, the binding of key tran- 
scription factors to conserved m-regulatory elements 
in promoters of these genes seems to be essential for 
coordination of the activation of their transcription. 
However, in plants, only a few factors have been shown 
to carry out such a role. 

Sporamin and ^-amylase are two major proteins in 
tuberous roots of the sweet potato {Ipomoea batatas L.) 
which are absent, or present only in \ery small 
amounts, in organs other than the tuberous root. In 
addition to this developmental regulation, the members 
of the sporamin multigene family (Hattori and 
Nakamura 1988; Hattori et al. 1989) and the /?-amylase 
gene (Yoshida et al. 1992) show concomitantly regu- 
lated ectopic expression in organs other than the tuber- 
ous roots under certain conditions. They are highly 
expressed in stems when sweet potato plantlets are 
cultured axenically on sucrose medium (Hattori et al, 
1990; our unpublished results). Concomitant induction 
of expression of the members of sporamin multigene 
family and the /^-amylase gene occurs in leaves and 
petioles following exogeneous supply of high concen- 
trations of sucrose and other metabolizable sugars 
(Hattori et al. 1991; Nakamura et al. 1991). or of low 
concentrations of oligosaccharides such as polygalac- 
turonic acid (PGA) and chitosan (Ohto et al. 1992). It 
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has been suggested thai coordinated regulation of the 
members of the sporamin multigene family and the 
/>-am>iase gene (/?-Amy) is mediated by one or more 
common transcription factor{s). 

Studies in vitro on the binding of nuclear extracts, 
prepared from the sweet potato, to the 5' upstream 
regions of the two genomic clones for sporamin charac- 
terized so far (gSPO-Al and sSPO-Bl; Hattori et al 
1988) and of the /?-Amy gene (Yoshida et al. 1992) 
identified multiple activities in the extract, which bind 
to different regions of the 5' upstream regions of these 
genes (Ishiguro and Nakamura 1992; Ishiguro et al 
11993). Among these activities, we have previously 
characterized an activity (SP8BF) that showed bind- 
ing to the 5'-upstream regions of all three genes 
examined (Ishiguro and Nakamura 1992). SP8BF binds 
to two conserved sequences, the SP8a sequence 
(ACTGTGTA) and the SP8b sequence (TACTATT) in 
ihe 5' upstream regions of these genes. Within the 5' 
upstream regions examined in these studies, gSPO-Al 
and gSPO-Bl contained one SP8a site and three SP8b 
sites, respectively. On the other hand, g^-Amy con- 
tained one SP8a site and two SP8b sites. It was sugges- 
ted that SP8BF may act as a key factor regulating 
coordinated expression of the members of sporamin 
multigene family and the ^-amylase gene. Sequences 
similar to the SP8 motifs are present in the regulatory 
region of several other plant genes (Ishiguro and 
Nakamura 1992). 

In this paper, we characterize a sweet potato cDNA 
encoding a protein, SPFL that binds to both of the 
SP8a and SP8b sequences, although with significantly 
different affinities. The amino acid sequence of 
SPFl suggests that it represents a novel DNA-binding 
protein. 



Materials and methods 

Plant materials 

Sweet potatoes [Ipomoea batatas Lam. c\'. Kokei No. 14) were 
urown at the Nagoya University Experimental Farm. Treaimeni of 
reaf-pciiolc cutting of sweet potato with either sucrose or polygalac- 
luronic acid (PGA) were carried out as described previously 
(Nakamura ct al. 1991; Ohto et al. 1992). 



Standard molecular biology techniques 

Basic molecular biology techniques were carried out according to 
Sambrook ci al. (1989). Methods for the isolation of total DNA from 
leaves of sweet potato and Sciuthem blot analysis (Yoshida et al. 
1992> and those for the isolation of total RNA from the plant tissues 
for Northern blot hybridization (Nakamura et al. 1991) were per- 
formed as described previously. DNA fragments were labeled by 
random priming method using a commercial kit (Amcrsham) and 
[7-'^-P]dCTP. and used as hybridization probes. The structural 
analysis and database search of the cDNA were done using Gen- 
ctyx-CD (Software Development. Tokyo). 



Oligonucleotides 

All oligonucleotides were .synthesized on a DNA synthesizer (Model 
381A. Applied Biosysicms). Oligc-"Hcolidcs used in the screening 
of cDNA expression library and .n the DNA-binding studies were 
synthesized with complementary overhangs tsee Fig.4A) and were 
ligaied unidircctionally to form muliimcrs of 3-6 units in suitable 
pFasmids. M uiiimers of the oligonucleotides • were excised from 
the vector with restriction cndonuclcascs and purified by gel 
electrophoresis. 



Construction and screening of cDNA expression library 

Total RNA was isolated from the petiole portions of leaf-petiole 
cuttings that had been treated with 6*t» sucrose for 60 h under 
continuous illumination. Poly{A)^ RNA was prepared on Oligoiex- 
dT 30 (Takara Shuzo. Kyoto) from the total RNA. From 2/fg of 
poly(A)" RNA. oli20(dT)-primed cDNAs were synthesized using 
a commercially available cDNA synthesis kit (Promega) and a Agtl 1 
library was constructed using an m r/7rf> packaging extract 
(Gigapack Gold. Siraiagene). 

Screening of the /.gtl 1 library was performed according to Singh 
ct al. 09891 with the following modifications. Nitrocellulose replica 
filters (BA 85, Schleicher and Schuell) of plates containing aboui 
30000 plaques were prepared in duplicate to distinguish true posit- 
ives from noise. The filters were treated for 60 min with the blocking 
solution (50 mM HEPES-KOH pH 7.9. 25 mM KCl 0.5 mM 
EDTA, 1 mM DTT. 5% non-fat dry milk). After the filters were 
rinsed with the i>inding buflTer (25 mM HEPES-KOH pH 7.9. 
25 mM KCl. 0.5 mM EDTA. 1 mM DTT), the binding reaction was 
performed for 1 h al room temperature in the binding buffer supple- 
mented with 5 ;<g /ml of the denatured, sonicated salmon testis DNA 
and 6xI0-^cpm7ml of the radiolabeled DNA probe. A fraemeni 
comprising six copies of the oligo-SP8a sequence (Fig. 4A: Ishiguro 
and Nakamura 1992) was labeled with [3f--'-P]d(rrP by nick trans- 
lation and used as a probe. The fillers were washed for 20 min in 
binding buffer before autoradiography. 



Con.struction of full-length cDNA for SPFl 

From 5 /<g of poly(A)* RNA, first-strand cDNA was synthesized by 
priming with the SPFl -.specific primer. CTAGTGGAC- 
TCAGGCTTC, corresponding lo nucleotides 843 to 826 in the 
antisense strand of full-length SPFl (.see Fig. 2.) The cDNA librar> 
was constructed in the /.ZAPII vector (Siraiagene) and screened b> 
hybridization with an 0.56 kb -^-p-labeled tVoRl fragment of clone 
Dl <sec Fig. 1). One of the clones recovered. aK 1 5. contained c DNA 
covering the N-terminal part of SPFl. A plasmid carrying the uhoic 
cDNA insert of;.K15 was obtained by an in r/ro exci.sion procedure. 
The resulting plasmid DNA was cleaved with FsiX and BamW. The 
1.1 kb Pst\'Xho\ fraffment bearing the coding .sequence and the 
0.45 kb A'/jf^l-BamHf fragment covering the 3'-noncoding region 
were isolated from the clone DI. Ligation of three DNA fragmcni> 
generated a full-length cDNA of SPFl. pSPFl. The whole mscrt of 
pSPFl was re-excised from the vector and inserted into sues located 
downstream of the SP6 promoter in the pSP64 vector to y.clu 
pSP-SPFl (Fig. 1). 



Synthesis of SPFl polypeptide in vitro 

The pSP-SPFl plasmid DNA was linearized with appropriaic rc- 
siriction endonuclcases. and transcribed with SP6 RNA polymcra.se. 
using a MEGAscript in viiro iran.scription kit (Ambioni m Hie 
presence of diguanosinc triphosphate. For the generation .v 
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0 1 2 kb 

>.K1S« ] 

H P EE EV X EB 

pSP-SPFi = ^ 1- ' ' * ' 'i^;;^-: ^ 

Fig, I Siruciures of cDNA clones for SPFl. Structures of two 
paniul cDNA clones ;,D1 and ;.KI5 and the fulMengih cDNA for 
SPF: rcconsiiiuicd from these two partial clones in pSP64 vector 
arc shown. The following abbreviations are used for the resiriciion 
enzymes: H. ////idlll: P, Psil: E EioKl: EV, £toRV: X. Xlwl: B, 
BcnnHl. In the structure of pSP-SPFL the location of SP6 promoter 
i-. indicated by an arro\\\ and the 5 - and 3'-uniranslated regions are 
shaded 



N>icrminally iruncaicd SPFl. we synthesized two 5' primers carry- 
ing, in scries, an SP6 promoter sequence and either AG- 
CCTTCCCCCTGTCACTACT, or AGTCGTACTGGTCTAT- 
TGGTAAC which correspond to the sequences immediately uf>-* 
stream of the codons for Met*^^ or Met^'^ respectively. An 
olii2onuclcoiidc. TGCCAATTACCCCAGACAC corresponding to 
a sequence wiihin the 3 - untranslated region of SPFl cDNA was 
used as a 3' primer. Using these primers, a total of 25 PGR cvcles was 
performed. The PGR products were used directly for the in vino 
iranscripiion. The in vitro transcripts were translated using wheat 
iicrm extract in 10 /il reactions with 1.1 MBq (47TBq/mM) 
[ '^S]mcihionine according to Erickson and Blobel (1983j. 



D.\A-binding assay 

The DNA-binding assay ulihzing SPFl synthesized in vitro is based 
on ihc procedures described by Hope and Siruhl (1985). Binding was 
Larricd out at 25^C for 30 min in 12 //I of a reaction mixture 
composed of 25 mM HEPES-KOH pH 7.9. 1 mM DTT, 50 mM 
KCI. 0.5 mM EDTA, 7.5% glycerol 3 ;/g poly(dl-dC)- polyfdI-dC), 
approprraic amounts of oligonucleotide multimers described in the 
Rcsuhs. and the translation mixture. SPFl synthesized in vitro was 
used without further purification. The reaction mixtures were loaded 
onto SVu polyacrylamidc gel containing 45 mM Tris-borate buffer 
«pH 8.3) and 1 mM EDTA. After the electrophoresis at 4'- C sicnals 
•^•••crc detected by fiurography of the gel and band intensities were 
subjected to densitometry. 



Results 

Molecular cloning of a factor that binds to the SP8a 

sequence 

in order to isolate a cDNA for Sp8BF, we constructed 
I /.gt 1 1 cDNA expression library from polyfA)"^ RNAs 
:)repared from sweel potato petioles that had been 
reaied with 6% sucrose for 60 h to induce expression 
>f the genes encoding sporamin and /^-amylase. The 
ibrary, which contained about 1 x 10^ independent 
iones. was screened for binding of expressed proteins 
0 multimers of the oligo-SP8a probe (see Fig. 4A: 
shiguro and Nakamura, 1991) and one positive clone 
as isolated. This plaque did not show binding to the 
n related oligonucleotide oligo-3231 (see Fig. 4A). The 



cDNA insert of this clone, designated Dl. was about 
1.6 kb in length (Fig. 1). Nucleotide sequencing of the 
S'-terminal part of D? indicated that it has an open 
reading frame that is jused in frame to the lacZ gene of 
the vector. In the Northern blot analysis of the petiole 
RNAs. an RNA hybridized with the ^'P-labeled Dl 
probe, but was longer than the Dl cDNA (data not 
shown). These results indicated that the Dl cDNA is 
missing the 5'-portion of the corresponding mRNA 
sequence. 

In order to isolate a cDNA that includeV the 5' 
portion of the mRNA missing in the Dl cDNA. we 
constructed another cDNA library using the sequence 
of the 5' region of the Dl cDNA as primer (see Fig. 2) 
for the synthesis of cDNA. Using the Dl cDNA as 
a probe, a cloned K15, was isolated from this library. 
The KI5 cDNA contained a 422-bp sequence that 
overlaps with the 5' pan of the Dl cDNA and a further 
417-bp sequence 5' to it (Figs. L2). Restriction enzyme 
fragments from the K15 and Dl cDNAs were com- 
bined to construct a full-length cDNA and the protein 
encoded by this cDNA was designated SPFl (Fig. 1). 

The SPFl cDNA is 1993 bp in length and it can code 
for a polypeptide with 549 amino acids (Fig. 2), The 
SPFl is a highly hydrophilic protein enriched in both 
basic and acidic residues (Fig. 3A. B). The amino acid 
sequence of SPFl contained a duplication of a 40- 
amino acid sequence: the sequence of residues 210-249 
is 75% identical to that of residues 386-425 (Fig. 3C). 
We could not find any DNA or protein sequence that 
shared significant homology with the SPFl cDNA or 
protein in the sequence databases from EMBL, iGen- 
Bank, and DDBJ, indicating that SPFl represents 
a novel class of sequence-specific DNA-binding 
protein. 



SPF; binds to SP8a and SP8b sequences with 
significantly different affinities 

In order to examine further the target site sequence 
specificity of SPFl, we carried out a gel mobility shift 
assay, using SPFl proteins prepared by in vitro transla- 
tion of SP6 transcripts of pSP-SPFl cDNA in a wheat 
germ extract, and ^^P-labeled DNA probes. However, 
we could not detect formation of a complex of SPFl 
protein and the DNA probes. We assume that the level 
of SPFl protein synthesized /// vitro was not sufficient 
for formation of detectable amounts of complex in this 
assay. Alternatively, it is possible that the signal of 
SPFl -DNA complex was masked by the 
strong signal due to endogenous SP8BF activity, which 
is present in wheat germ extracts (data not shown). 

We then carried out DNA-binding assays with **^S- 
labeled SPFl synthesized in vitro in :i wheat germ 
extract. The ^^S-labeled SPFl protein did not enter 
a 5% polyacrylamidc gel on electrophoresis using Tris- 
borate buffer (pH 8.3) and 1 niM EDTA (Fig. 4B, 
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Fig. 2 Nucleotide sequence of p_»./.Kl5 

rcconsliluicd SPF- I cDNA and CTTCATTTCTTCTCTCTTCTCCTCTCTMTCGCTGCTTCTTCACCGACM^^ 

deduced amino aad s^^^ M a a s s c T i D a P t a S s s f s f s T 

SPFI polypcpiide. The ^- and 
3'-terminal bases ofcDNA inserts 
in /.K 1 5 and /.D I arc indicated by 
arrows. The 5'- terminal 
nucleotide of the cDNA insert of 
/.K:i5 is numbered as I. The 
location of the primer used to 
Synthesize /.KI5 cDNA is 
inuicHiiwil. The 40-amino acid 



a:CCTCTTCATTCATCTCCTCTTTCACTGACCTCCTCCCTTC<X;ACGCCTATTCCOT 1 a 

ASSFMSSFTDLLASDAYSGGSVSRGLGDRI 5 

ACCGGAGACAACTGGCTCGCGTGTGCCCAAGTTTAACTCTTTGCCCCCGCCGTCTCTCCCCCn^ 27 

AERTGSGVPKFKSLPPPSLPLSSPAVSPSS 8 



TTAmCGCTTTTCCCCCTGGGTTGAGCCCCAGTCAGCTCCTGGATTCCCCTGTTOT 3 6. 

^ . , , YFAFPfPCLSPSELLDSPVLLSSSKILPSPT 11 
basic repeat sequences arc hnxecl \ ^ ^ m XD1 

TACTGCGACTTTTcrfGCTCA<UCCTTCAACTGGAACAATCATTCTAACGCATCCCUa 4 5i 

TGTFPUQTFNWKNDSNASQED'VgQEEK CYP 14; 

ACAmCTCrmCAOACCAACTCTGCnCAATGACATOAAmTGAAGATTC^ 54C 

DFSFQTNSASMTLNYEDSKRKDELNSLQSL 17] 

TCCaXTGTGACTAClfeAACTCAGATGAGCTCrCAGAACAATCG^ 53 C 

PPVTT:STQMSSQNHGGSySEYNNQCCPPSQ 202 

GACGTTGAGGCAGCACAGGCCAT CTCATGAa^CTACAATTGGAGGAAATACGGGCAGAAACAGGTGAAGGG 720 

TLREQ RRS LPDG YN IfRRYCQKQVKGSENPRS 231 

TTAmCAACTGTACCCA(XCGAAnGCCC CACGAAGAAGAAGGTCGAGAGGGCTTTGCATGCGCAGA^^ 8 1 Q 

YYKCTHPNCPTKKKVE L DCQITEIVYK G 261 

XK15 J ...... 

AGCTCACAATCAC(X GAAGCCTCAGTCCACTACG AGATCGTCGTCCTCTACAGC1 1 Cf TCCCCTTCAACCTTGGCTCCCCAGTCTTATAA 900 

AHNHPKPRSTRRSSSSTASSASTLAAQSY.V 291 

TGCGCCTGCCAGTGATGTCCCGGATCUGTCGTACTGGTCTAATGGTAACGCGCAGATGGATTCTGTTGCCACGCCAGAGA^ 990 

APaSDVPDQSYWSNGNGQMDSVATPENSSI 321 

CTCGCTCGGGCATCATGAATTCCAGCAGAGCTCTCACAAGAGCGACTCCGGCGGAGACCAGTTTGATGAAGACGAACCGGATC 1 080 

SVGDDEFEQSSQKRESGGDEFDEDEPDAKR 351 

ATGGAAAGTGGAAAAajAAACaUCCGAGmCTGCACAGGGGACTAGCACACTAACACAACCGAGACTTGTAG^ 1170 

WKVEN5SEGVSAQGSRTVREPRVVVQTTSP 381 

TATTGATATTC TTGACCATGGTTATAGATGGAGAAAATATGGCCUGAAAGTTGTGAAGCGAAATCCCAATCCAAGGACCT 1260 

^ ^ I ^ |DDGYRVRKYGQKVVKGNPNPRSYYKC~ 411 

CACGAGCCAAGGCTGTC|GGTCAGGAAACACGTGGAAAGAGCT TCACACGATATCCGCTCCCTCATAACAACCTAC 1350 

TSQGCP. VRKHVERaI s HDIRSVITTY.ECKHN 441 

CCACGACGTCCCTGCTCCCCCAGGGAGTGCCACCCACXKJCCTCAACCGGGCCXMX^ 1440 

HDVPaaRCSC*SHGLWRGANP»NNAAMAMAI 471 

TACGCCTTCCACGATGTCTCTCCAATCTAACTATCCCATCCCAATCCCCAGCACXIAGCCCAATGCAGCAGCCAGAAGCC^ 1530 

RPS iHSLQSIIYPIPIPSTRPMQQGEGQAi>Y 501 

CCAGATGTTGCAGGGATCGGGa^GTmCCCTACTCCGGAmGCGAAaXCATCAACGCmCGCT 1620 

EMLQGSCCFCYSGFCHPMNAYAHQIQDKAF 531 

CTCCAGGGCCAACCAGGAGCCCACAGATGACTTCTTTCTGGACUCATTGCTACCTTCATGATACATACAaATGAAG 3710 

SRAEEEPRDDLFLDTLLA* 549 

GAACTTTCCTT 1 1 IGl ITACTTTTACCAAnTTATT G T 111 H i 1 H GG G i 1 1 I G I G I CTGCCGTAATTGGCAGAAGGTTCATTCATTTG 1 800 

TTCGTTTTGCTGTGTATTATmTCTATGTATAGCCACAGGAAAATCAGTTCACTATAGTGCAAGAAGAAGATCGGT^ 1890 



GATCTCAACnCAGCTTAGGATTGTAAATCCTCAGTTGAACAATCTACCATTAAGAAAACl i Gi 1 1 fTTTT f AAAAAATACATATTAAAA 1 980 
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210 DDGYNWRKYGOKOVKGSENPRSYYKCTHPNCPTKKKVERA 249 
386 DDGYRWRKYGQKVVKGNPNPRSYYKCTSOGCPVRKHVERA 425 

Fig. 3A-C Siruciural fcaiurcs of SPFl. A Hydropaihy analysis 
performed according lo Kyie and Doolitilc (1982) using a window of 
nine amino acids. B Disiribution of acidic (Asp and Glu) and basic 
(Lys and Arg) amino acid residues in SPFl polypcpiidc. The 40- 
amino acid repealed sequence is indicated by hatched boxes. The 
location of the M3I0-R472 polypeptide that showed DNA-binding 
activity is shaded. C The 40 amino acids-long basic repeat sequence 
in SPFl. Numbers are as in Fig. 2. Identical amino acid residues are 
indicated by asterisks 



lane 1). The ^^S-labeled SPFl protein was mixed with 
the increasing amounts of oligo-SP8a multimers, and 
subjected to gel electrophoresis. Unlike free SPFl, sev- 
eral bands of ^^S-Iabeled SPFl protein appeared in the 
gel upon electrophoresis (Fig. 4B. lanes 2 to 4). The 
intensity of the most prominent band of radioactivity 
(arrowhead in Fig. 4B) increased with the amount of 
DNA added to the reaction mixture (Fig. 4C). When 
the ^^S-labeled SPFl protein was mixed with multi- 
mers of oligo-3231, only a faint band of radioactivity 



appeared in the gel (Fig. 4B. lanes 14 to 16, and 
Fig. 4C). These results indicate that the major bund of 
radioactivity in the gel is due to sequence-specific bind- 
ing of SPFl and represents ^^S-labeled SPFl com- 
plexed with DNA. Several minor bands also appeared 
in the geL and the nature of these minor bands is not 
known at present. 

SPFl also bound to the oligonucleotide oligo-SP8b 
multimer containing the SP8b sequence (Fig. 48. lanes 
8 to 10). However, the binding of SPFl to oligo-SPSb 
was significantly weaker than that with oligo-SP8a and 
approximately 25 times more DNA was required to 
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gatccggtcaatc|actgtgta 
gccagttagjtgacacat 



GTTAAATCTTCA 
CAATTTAGAAGTCTAG 



SP8a-m GATCCGGTCAATQTAGGTGTA GTTAAATTTCA 



GCCAGTTAdATCCACAT 



CAATTTAAAGTCTAG 



SP8b 



gaatattaagaaItactatt tgtattag 

A7AATTCTT ATGATAA ACATAATCCTT 



SP8b-m GAATATTAAGAA 



TGGCGCT 



AT AATTCTT ACCGCGA ACATAATCCTT 



TGTATTAG 



x6 
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3231 
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TCGACACTTGGACGGCCACAAATCATTTCTATTA- 
GTGAACCTGCCGGTGTTTAGTAAAGATAAT- 

TTTCTCCCAAATCATTTCTGTTATCAACTTTATC x3 
AAAGAGGGTTTAGTAAAGACAATAGTTGAAATAGAGCT 
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Fig. 4A~C Binding of SPFl synthesized in citra lo various DNA 
frasmenis. A Nucleotide sequences of oiigonucleotides used. Multi- 
nners comprising six copies of oligo-SP8a. oIigo-SP8a-m. oIigo-SP8h 
five copies of oIigo-SP8b-m and three copies of oligo-3231 respec- 
tively were used for gel retardation studies. The SP8a sequence in the 
o!igo-SP8a and the SP8b sequence in the oligo-SP8b are hoxcd. 
Nucleotides in the oiigo-SPSa-m and oligo-SP8b-m that are differ- 
ent from the oligo-SP8a and oligo-SP8b. respectively, are indicated 
by t/<)f5. B Fluorograph of a gel retardation analysis. The -^^S-lafc^eled 
SPFl protein obtained by translation in citro was mixed with 
increasing amounts of the oligonucleotide multimers indicated. 
After incubation at 25 " C for BOmin. the reaction mixtures were 
subjected to electrophoresis through a polyacrylamide gel. The 
arrowhead indicates the position of the major SPFl-DNA complex. 
C The amount of ^^S radioactivity in the major band indi'^aied by 
the arrowhead in B was estimated by densitomeir>' of fluoro- 
graph. open scfuares. oligo-SP8a: filled squares, oligo-SP8a-m; open 
circles. oligo-SP8b: filled circles. oligo-SP8b-m: open triangles, 
oli2o-323r 
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produce SPFl-DNA complex with ihe same band 
iniensily (Fig. 4B Janes 2 and 10. and Fig. 4C). 
The binding of SPFl with ohgo-SP8a-m. which con- 
tains mutations in the SP8a sequence (Fig. 4A} was 
about fiive times weaker than the binding with oligo- 
SP8a) (Fig. 4B Janes 5 to 7, and Fig.4C). The weak 
binding of the ohgo-SP8a-m could be due to the pres- 
ence of an ACTA core sequence of the SP8 consensus 
sequence (Ishiguro and Nakamura 1992) in the oppo- 
site strand from the SP8a sequence. Mutations in the 
SP8b sequence in oligo-SP8b-m (Fig. 4A) significantly 
reduced the binding with SPFl (Fig. 4B, lanes 1 1 to 13, 
and Fig. 4C). 



The DNA-binding domain is localized in the _ 
C-terminal half of SPFl ^ ' 

To identify the DNA-binding domain in the sequence 
of SPFL we generated a series of truncated SPFl 
polypeptides m vitro and assayed for their ability to 
bind with the oligo-SP8a multimer. We first prepared 
C-terminally deleted derivatives of SPFl by restriction 
enzyme cleavage of the SPFl transcription template 
at various positions within the coding region of 
SPFl (Fig. 5A)- Cleavage of SPFl cDNA with BamHI 
allows synthesis of full-length, SPFl (referred to 
below as M1-A549 for the N-tenminal Met^ and the 
C-terminal Ala^'^'^ residues). Cleavage of cDNA with 
Nhel results in truncation of the C-terminal amino acid 
of SPFl to produce 1VII-L548 (Fig. 5A) and did not 
affect the binding activity of SPFl (Fig. 58, lanes 1 
and 2). 

The MI-R448 protein generated by cleavage of 
cDNA with Aval still showed the binding with 
oligo-SP8a. although the activity was significantly 
lower than with M 1-A549 or M 1-L548 (Fig. 58, lane 3). 
The mutant SPFl protein M1-H421, generated by 
truncation at the PmaCl site of the cDNA, did not 
bind to the DNA fragment (Fig. 58 Jane 4). Trunc-* 
ations at the EcoKl (MI-N318) or Pst\ (MI-S167) 
sites of the cDNA also produced mutant polypeptides 
that had lost the DNA-binding activity (data not 
shown). 

To generate SPFl proteins with N-terminal trunc- 
ations, we used ATG codons for internal methionine 
residues. Met^^^ and Met"^'^, as translational start 
codons. In order'to delete the nucleotide sequence of 
the 5'-terminal part of SPFl cDNA, we used PCR 
amplification mutagenesis. As a 5' primer, we syn- 
thesized oligonucleotides comprising the 56 nucleotide 
SP6 promoter sequence at the 5'-terminus followed by 
the sequence immediately upstream of the ATG codon 
for Met^^^ or Met^'^. An oligonucleotide that is comp- 
lementaly to the sequence in the 3'-noncoding region of 
SPFl cDNA was used as a 3' primer. By these methods 
we generated two N-terminally truncated SPFl pro- 
teins, M1S0-A549 and M310-A549 (Fig. 5A). Although 



translation from the ATG codon of Met '' was as 
efficient as translation from the initiator codon of ihe 
wild-type SPFl, translation from the ATG codon of 
Met'^^^ was less efficient (data not shown). Both of the 
N-terminally truncated proteins M180-A549 and 
M310-A549 showed binding with the oligo-SPSa DNA 
multimer (Fig. 5BJanes 5 and 6). It is important to 
mention that the bands in lanes 5 and 6 are comparable 
in intensity despite the lower translational efficiency of 
the mRNA for M180-A549. These results suggest that 
the DNA-binding activity of M 1 80-A549 is higher than 
that of M310-A549. 

We also prepared SPFl polypeptides with both N> 
and C-terminal truncations by cleavage of the N-ter- 
minally truncated cDNA with restriction enzymes. By 
cleaving the M310 DNA with Sn/I, we obtained M310- 
R472, which showed binding to the SP8a sequence 
(Fig. 5B Jane 7). However, further truncation of the 
C-terminus of M310-R472 to M310-R448 by cleavage 
of the M310 DNA with Aval resulted in loss of the 
DNA-binding activity. The sequence specificity of the 
binding of the truncated polypeptide M310-R471 as 
examined with oligo-SP8a, oligo-SP8b. and oligo 3231 
multimers, did not change from that of the full-length 
protein (data not shown). From these results, we con- 
clude that the DNA-binding domain of SPFl is located 
within the sequence from Met^'^ to Arg""^- of this 
protein. 



SPFl binds to DNA as a monomer 

The electrophoretic mobilities of protein-DNA com- 
plexes formed by SPFl and M310-A549 differ signifi- 
cantly (Fig. 58, lanes 1 and 6). We co-translated SP6 
RNAs for SPFl and for the M310-A549 in the same 
reaction, and analyzed the products in the DNA-bind- 
ing assay with oligo-SPSa sequence. Two major bands 
of protein-DNA complexes, corresponding to the pro- 
tein-DNA complexes formed with SPFl or M3I0- 
A549, appeared on the gel (Fig. 58, lane I -f 6). No 
additional protein-DNA complexes, which would be 
indicative of the formation of multimers. were ob- 
served, suggesting that SPFl binds to the SP8 se- 
quences as a monomer. 



Southern and Northern blot analyses of SPFl 

Genomic Southern blots of sweet potato DNA that 
had been digested with several restriction endonuc- 
leases were ^ hybridized with a cDNA fragment 
corresponding to nucleotide positions 418-979 of 
SPFl. Only one or a few bands hybridized with the 
probe in each restriction digest (data not shown), indic- 
ating that SPFl is encoded by a biugie-copy gene or 
a small gene family in the haploid genome of the sweet 
potato. 
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Fig. 6A, B Northern blot hybridization of RNA isolated from vari- 
ous tissues .of sweet potato. A Total RNAs (25 //g in each lancj 
isolated from leaf, petiole, stem and tuberous root of ihc ficld-^rtvA-n 
sweet potato were analyzed. B Total RNAs (20 ^iz in each lane j 
isolated from petioles that had been treated with 0.1% PGA or 6",. 
sucrose for 12 h in the dark were analyzed together with louil RNA 
isolated from non-treated petioles 



rig.5A,B Localizaiion of the DNA-binding domain of SPFl. 
A Structures of truncated SPFl polypcpiides^The structure of the 
SPFl cDNA is shown schematically at the top.The coding region is 
indicated by an open bar with the shaded bar indicating the location 
of M3I0-R472 polypeptide that showed DNA-binding"aciiviiy. The 
40-amino acid repealed sequence is indicated by hatched boxes. 
Locations of restriction enzyme cleavage sites used to generate the 
C-terminai truncations and Mci'*° and Met^*** residues used to 
generate the N-terminal truncations are indicated. B Fluorograph of 
a gel retardation analysis. Number of lanes correspond to the trun- 
cated versions of SPFl shown in A. The truncated. '^^S-labeled 
polypeptides were mixed with oligo-SP8a mr'limers and subjected 
to electrophoresis through a polyacrylamide gel. The major protcin- 
DNA complexes are indicated by armwheads 



Northern blot analysis demonstrated that SPFl 
mRNA is present in all of the organ systems of the 
sweet potato examined: leaves, petioles, stems and tu- 
berous roots (Fig.6Aj. The level of SPFl mRNA 
seemed to be higher in leaves and tuberous roots than 
in stems and petioles. Figure 6B shows that the level of 
SPFl mRNA in the petioles decreased after treatment 
with sucrose or PGA. Hybridization of the same blot 
with the /^-amylase cDNA probe detected a ^-amylase 
mRN/A in samples of RNA from petioles that had been 
treated with sucrose or PGA, but not in the RNA from 
non-treated petioles (data not shown). 



Discussion 

In this study, we isolated and characterized a sweet 
potato cDNA encoding a protein, SPFl, that binds to 
th'e SP8 sequence motif conserved in the 5'-upstream 
regions of three genes encoding sporamin and /i- 
amylase of tuberous roots (Ishiguro and Nakamura 
1992). Sequences similar to SP8 motifs are also present 
in the regulatory regions of several other plant genes 
(Ishiguro and Nakamura 1992). Based on the absence 
of significant sequence similarity to any protein cur- 
rently in the databases, SPFl represents a novel DNA- 
binding protein. 

SPFl is composed of 549 amino acids and enriched 
in both basic and acidic amino acid residues (Figs. 2 
and 3). The DNA-binding domain of SPFl is localized 
within the C-terminal half of the protein and the 
163-amino acid fragment Met^*° to Arg*^- retained 
DNA-binding activity, although the activity was less 
than that of the whole protein (Fig, 5). Truncation of 
SPFl after His^^» (M1.H421) resulted in the loss of 
DNA-binding activity. The C-terminial truncation Ml- 
R448 still retained the DNA-binding activity, however 
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by contrasL the C-lerminal truncation of the M310 
derivative of SPFl after Arg""^^ (M310-R448) 
eliminated the activity. This difTerence suggests that 
the N-ierminal structure may affect the folding of 
the DNA-binding domain of SPFL The sequence 
of M310-R472 contains a highly acidic stretch and 
a basic region in the N-terminal and C-terminal parts, 
respectively (Fig. 3). In many transcription factors, the 
DNA-binding domains are locaHzed in the basic re- 
gion. The basic region within the M310-R472 polypept- 
ide may play an important role in the binding of SPFl 
to DNA. 

Most sequence-specific DNA-binding proteins bind 
to their cognate DNA via structural domains that 
make sequence-specific contacts with the DNA bases in 
the major groove. Many conformational structures, 
such as leucine-zippers, Cys-Cys or Cys-His zinc-fin- 
gers, heh'x-turn-helix and helix-loop-helix motifs have 
been identified in the DNA-binding domains of pro- 
teins, which are responsible for the recognition of speci- 
fic DNA sequences (for reviews see Churchill and 
Travers 1991; Harrison 1991; Struhl 1989). The DNA- 
binding domain of SPFl has neither leucine residues 
arranged to form an amphiphilic a-helix nor cysteine 
residues that might be arranged as Cys-Cys or Cys-His 
zinc fingers. 

A sequence highly homologous to a 40 amino-acid 
sequence in the basic region within the DNA-binding 
domain of SPFl, (Asp^^^^-Ala^^^), is also present in the 
N-terminal part of SPFl (Asp^*^-Ala'^^; Fig. 3). These 
two sequences share amino acid sequence identity of 
75%. The C-terminal truncation after His"^^' that is 
located within the C-terminal basic repeat eliminates 
the DNA-binding activity of SPFl (Fig. 5B, lane 4), 
suggesting that the C-terminal basic repeat sequence 
constitutes part of the DNA-binding domain of SPFl. 
Buy contrast, the C-terminally truncated polypeptides 
of SPFl that have only the N-terminal basic repeat, 
such as M1-H421 (Fig. SBJane 4) or M1-N318 (data 
not shown), do not show binding to oligo-SP8a. Fur- - 
thermore, the DNA-binding activity of SPFl is re- 
tained after elimination of the N-terminal basic repeat 
(M310-A549 and M:iO-R472, Fig. 5B Janes 6 to 7). 
These results suggest that the N-terminal basic repeat 
does not play an essential role in the DNA-binding 
activity of SPFl. However, we can not exclude the 
possibility that the N-terminal basic repeat may also 
mediate DNA-binding activity with a target site se- 
quence specificity different from that of the C-terminal 
basic repeat. Recently, the transcription factor GT-2 of 
rice, which binds to GT motifs in the phytochrome 
gene, has been shown to bear two independently fun- 
ctioning DNA-binding domains with closely related 
but different target site sequence specificities (Dehesh 
et al. 1992). 

The SP8BF activity in nuclear extracts from petiole: 
of sweet potato binds to DNA fragments carrying 
either the SP8a sequence or the SP8b sequence, with no 



significant difference between the binding alliniiios i;,; 
SP8a and SP8b sequences, judging from resuhs tM" com- 
petition experiments (Ishiguro and Nakamura lyy;, 
Although SPFl binds to both of these sequences, ih^ 
binding of SPFl to oligo-SP8a is about 25 limcs more 
efficient than to oHgo-SP8b (Fig. 4, B and C). sugges- 
ting that SPFl binds much more strongly lo the SPSa 
seq^uence than the SP8b sequence. It is possible thai 
SPFl synthesized in vitro is abnormally folded or 
modified or its ability to interact with other polypept- 
ides may be altered relative to the native SPFl: ihi> 
might explain the difference in the binding allmiiy for 
the SP8a and SP8b sequences. It is also possible ihai 
SP8BF activity in the nuclear extract is actually a mix- 
ture of several factors that show closely related bui 
different binding site sequence specificities. Although 
SPFl binds preferentially to the SP8a sequence, the 
other factor(s) may bind more selectively to the SP8h 
sequence. Nuclear extract from stems of tobacco aisc) 
contains SP8BF activity (Ishiguro and Nakamura 
1992). Our preliminary experiments using gel mobility 
shift assays of the tobacco nuclear extract with the 
oligo-SP8a probe, two or more distinguishable bands 
are observed (data not shown), suggesting that several 
nuclear factors in tobacco bind to the SP8a sequence. 
Although the SPFl probe hybridized to either a single 
or a few restriction endonuclease fragments of the sweei 
potato DNA (data not shown), sweet potato may also 
contian additional factor(s) closely related to SPFl. 

The SP8BF activity has been detected in nuclear 
extracts from petioles and tuberous roots of the sweet 
potato and from stems of tobacco (Ishiguro and 
Nakamura 1992). SPFl mRNA was also detected 
not only in petioles but also in leaves, stems and 
tuberous roots of the sweet potato (Fig. 6A). suggesting 
that SPFl is a ubiquitous factor. The level of SPFl 
mRNA in petioles decreased after treatment with either 
6% sucrose or 0.1% PGA (Fig. 6B). However, it is 
not clear at this moment whether SPFl plays any 
negative regulatory role in the sucrose- or PGA- 
induced expression of genes coding for sporamin and 
jff-amylase. 
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